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. These metals, therefore, remain a great concern in terms of 60 ecotoxicological risk assessment for economically and ecologically important coastal benthic 61 systems (Walker et al., 2006; Luoma and Rainbow, 2008) . Crucially, these metals are also 62 predicted to be more bioavailable under ocean acidification scenarios (Millero et al., 2009 ). 63 Although copper and zinc have been shown to induce genotoxic damage in marine 64 organisms, studies used direct seawater exposures that were also short-term (e.g. Caldwell (Nereis) virens was selected for its ecological relevance (Lewis and Watson, 2012) as it 72 inhabits coastal muddy sand throughout the northern hemisphere. It is also a dominant 73 species by biomass and size replacing Hediste diversicolor in high salinity areas (Kristensen, 74 1994 ). In addition, Lewis and Galloway (2008) showed that worms from contaminated sites 75 have elevated DNA damage, although they did not identify the causal agent. 76 Ecotoxicological studies must mimic the exposure conditions for benthic organisms. The 77 sediment-spiking approach has limitations (U.S.EPA, 2005), but its importance in the 78 environmental pollution field is recognised (Fernandes, 1997) and commonly used (e.g. 79 Simpson et al., 2004; Hutchins et al., 2009) . For the first time we evaluate copper and zinc's 80 chronic genotoxicity to benthic systems via a 9 month sediment-spiking exposure. We 81 assess this by quantifying growth rates and DNA damage (e.g. single and double strand 82 breaks) in exposed worms whilst monitoring the presumed bioavailable fraction in 83 sediment, porewater and tissue concentrations. Together, these deliver critical information 84 for reviewing SQGs (Sediment Quality Guidelines) as well as providing important data for 85 monitoring the long-term effects on macrofaunal species and the potential tolerance of 86 benthic polychaete species to metal exposure and consequent DNA damage. Finally, coastal 87 sediments have suffered from severe industrial pollution for generations. Using long term 88 concentration data from multiple sites collected from the UK Environment Agency (EA), we 89 also highlight the ability of these metals to continue to impact benthic systems. Materials and methods 92 Mesocosm study: sediment and organism collection, experimental setup 93 Sediment (upper 10 cm) from Chichester Harbour (50 48'43.23"N, 0 52'30.78"W) was 94 collected and stored at 4 • C in the dark until spiking. As worm weight is important in 95 bioaccumulation processes (Poirier et al., 2006) cultured Alitta virens of 1-2 g were used. 96 These were purchased from Dragon Baits Ltd and stored for 48 hours (unfed) in a flow- 97 through system with a small amount of sediment before being randomly selected for each (Table S1 ). The worms were fed 1-2 % of their starting biomass twice a week using 115 food pellets containing 7.7 µg g −1 copper and 65.4 µg g −1 zinc (dry weight). Sediment and 116 porewater samples were collected at the start (22 nd October 2012, month 0) to give initial 117 metal concentrations. One box of each treatment from each tank was then sacrificially 118 sampled every three months (22 nd of January, April and July 2013). To provide field data 119 comparisons worms were collected (see Pini et al. [2015] for method) from four field sites in Mesocosm study: sediment, porewater and worm tissue processing 123 At each mesocosm sampling point sediment and porewater (0, 3, 6 and 9 months); and 124 worms (3, 6 and 9 months) were sampled for metal analysis. Subsamples of <63 µm 125 sediment (taken from a 5cm diameter x 10 cm deep core) and porewater (extracted using a 126 pore-extractor device [Nayar et al., 2006 ]) for each box were stored at -20°C until analysis. 127 Worms were removed and counted and left overnight at 4°C for gut depuration. Each worm Rainbow, 2008 Effects of exposure 302 Both metals and in combination had significant impacts on survivorship over and above 303 background mortality, except for month 9 where the background survival (in the control) 304 had dropped to 63% ( Table 2 ). The likely explanation for this lack of a significant effect at 9 305 months is post-spawning mortality as reproductive behaviours (males swimming, sperm 306 release) were observed between April and July, obfuscating treatment mortality. The 307 precocious gametogenesis and spawning is likely to be driven by high ration levels as rapid 308 reproductive maturation can be achieved in a few months in commercial culture (P. Cowin, 309 Pers. Comm). Figure 1 and Table S6 show highly significant effects of treatment for the percentage tail 320 DNA damage. Levels of damage over the three sampling periods in the control (mean per 321 box) ranged from 1.7-4.2% as background compared to the highest (46%) from a box from 322 the HCZ treatment in month 3. Across all three sampling points levels of damage were not 323 significantly different between the Control and LZ treatments. For month 6 these were 324 significantly different from all other treatments, but for the other two sampling periods they 325 were also not significantly different from LC and MC treatments, with MZ for month 3 and 326 HC for month 9 sharing this grouping. All other treatment/time combinations fall within a 327 variety of subgroups and all had significantly higher levels of DNA damage, with some (e.g. 328 HCZ treatment at 3 months) being significantly different from all other treatments. genotoxicity. Our data indicate that many of these studies could, therefore, have 357 substantially underestimated copper and zinc's contribution to the DNA damage recorded. 358 Ultimately, this will lead to an erroneous assessment of the genotoxicant risk attributable to 359 these metals, impacting consequent management decisions for mitigation. 360 Copper and zinc are two of the most studied metals in terms of toxicity and for genotoxicity. (Table 2 ). This is supported by the lack of significant correlations 376 (using a Pearson's correlation, 9 month data only) between percentage biomass change and 377 bioavailable sediment metal concentration for copper (r = 0.264; p= 0.406) and zinc (r = -378 0.199; p= 0.558). Growth in some treatments was substantial with worms gaining over 379 600% in weight in just 3 months, but the two lowest biomass increases were in worms from 380 the HC and HCZ treatments and this is supported by a reduction in foraging and out-of-381 burrow activity (Pini, 2014) Table S7 for details) with minimal contamination. Table S7 : Long term data collection information -70  120  575  ---70  120  575  -- ). DNA.DT: damage threshold represents lowest concentration adjusted for total metal concentration (68 mg kg -1 ) from mesocosm treatment that induced statistically significant increases in DNA damage compared to the control.
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Highlights for Watson et al. (Environmental Pollution)
Effects of long-term (9 month) sediment exposure to copper and zinc were assessed.
Comet assay shows metals are genotoxic to the polychaete Alitta virens
Environmentally relevant sediment concentrations are genotoxic.
A. virens exhibits tolerance to elevated DNA damage Coastal sites show stable or increasing sediment concentrations
